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Multilevel  Inverter  (MLI)  has  attracted  a  great  attention  by  different 
researchers  and  industries  due  to  its  capability  in  handling  high  power 
application  and  minimizing  the  harmonics  contents  in  the  output.  This  study 
propose  three  different  topologies  of  MLI  (5-level)  which  are  Cascaded 
H-Bridge  Multilevel  Inverter  (CHMLI)  .Diode  Clamped  Multilevel  Inverter 
and  Flying  Capacitor  Multilevel  Inverter  (FCMLI)  .These  three  topologies 
have  been  modelled  in  MATLAB/SIMULINK  and  compared  in  terms  of 
THD  and  number  of  components  used.  Sinusoidal  Pulse  Width  Modulation  is 
utilized  to  control  both  of  the  topologies  with  same  DC  source.  The  results 
showed  that  ,CHMLI  is  superior  compared  to  DCMLI  and  FCMLI  in  which 
the  CHMLI  produce  26.29%  THD  while  DCMLI  and  FCMLI  produce 
29.14%  and  33.53%  respectively  .Moreover  less  components  and  switching 
losses  is  obtained  when  using  the  CHMLI. 
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1.  INTRODUCTION 

Nowadays,  most  of  researchers  as  well  as  industries  are  paying  much  attention  in  developing  and 
presenting  new  renewable  energy  resources  [l]-[3].The  most  common  renewable  energy  resources  are  solar 
energy [4], wind  energy[5]  .thermal  energy[6]  and  many  other  renewable  resources [7], Naturally  the  .the 
energy  produced  by  the  renewable  energy  resources  is  DC  energy.  Because  of  most  of  the  home  appliances 
as  well  as  industrial  applications  operate  using  AC  energy,  the  renewable  DC  energy  generated  need  to  be 
converted  into  AC  energy.  This  conversion  can  be  achieved  utilizing  power  electronic  inverter  [8]  which 
mainly  designed  to  convert  the  DC  energy  into  AC  energy. 

The  first  designed  inverter  is  2-level  inverter  which  limited  to  low  power  application  due  to  less 
capability  and  power  rating  [9]. In  order  to  handle  high  power  applications  and  increase  the  power  rating  of 
the  inverter  .Multilevel  Inverter  (MLI)  was  introduced  [10] -[12],  The  main  advantages  of  MLI  are  the 
capability  of  handling  high  and  medium  industrial  application  [13]  and  minimizing  the  cost  of  filtering  circuit 
since  the  MLI  produce  almost  sinusoidal  AC  signal  [14]. MLI  can  be  designed  as  Three-level  [15]  .five-level 
[16]  ,  seven-level  [17]  and  so  on  [18].  The  number  of  level  is  in  direct  relationship  with  output  signal,  where 
the  output  signal  can  be  enhanced  as  the  number  of  level  increased,  however  high  number  of  level  require 
large  number  of  components  which  will  result  in  very  expensive  design.  Recently,  various  researchers  and 
industries  are  focusing  in  utilizing  the  MLI  in  drive  application  such  as  Switched  Reluctance  Motor  (SRM) 
[19],  Induction  Motor  (IM)  [20]  and  Permanent  Magnet  Synchronous  Motor  (PMSM)  [21].  The  multilevel 
inverter  produce  less  harmonic  contents  in  its  output  voltage  and  current  .also  the  power  switches  in 
multilevel  inverter  experience  low  voltage  stress  and  low  electromagnetic  interferences  (EMI)  [25]. 
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MLI  can  be  presented  in  different  configurations  depending  on  the  arrangement  of  the  power 
electronic  components  ,the  most  common  topologies  of  MLI  are  Cascaded  H-bridge  Multilevel 
Inverter  [22],  Diode  Clamped  Multilevel  Inverter  [23]  and  Flying  Capacitor  Multilevel  Inverter  [24],  Each 
MLI  topology  has  different  combinations  and  power  electronics  components  arrangement.  A  study  by  Colak 
[10]  has  reviewed  the  MLI  topologies  and  their  control  scheme  in  which  different  control  scheme  are 
investigated  .The  study  build  a  good  basis  to  distinguish  between  MLI  topologies  and  their  preferred  control 
techniques.  This  paper,  presents  the  analytic  study  between  three  different  MLI  topologies  which  are 
CHMLI,  DCMLI  and  FCMLI  with  Sinusoidal  Pulse  Width  Modulation  (SPWM).  The  topologies  are 
compared  in  terms  of  number  of  components  used,  harmonics  reductions,  switching  losses  and  DC  sources. 
MATLA/SIMULINK  environment  is  utilized  to  design  and  obtain  the  results  of  the  MLI  topologies  .The 
block  diagram  shown  in  Figure  1  illustrates  the  main  concept  of  this  study. 


Figure  1 .  MLI  topologies  comparison  block  diagram 


2.  MLI  Topologies 
2.1.  Cascaded  H-Bridge 

A  cascade  H-bridge  multilevel  inverter  can  be  constructed  by  connecting  a  set  of  single  full  bridge 
inverter  in  series.  Each  bridge  has  its  own  isolated  dc  source  which  can  be  solar  cells  or  batteries  .Theses 
separated  dc  sources  feeding  the  H-bridge  multilevel  inverter  can  generate  almost  sinusoidal  waveform 
voltage.  Figure  2  shows  a  five-level  of  CHMLI.  Each  H-bridge  will  be  activated  at  certain  amount  of  time  at 
different  start  up  angle  and  since  each  bridge  is  fed  by  separate  dc  source,  the  output  of  all  the  bridges  which 
form  the  CHMLI  output  will  be  the  sum  of  the  the  separated  dc  sources  for  three  phase  nth  level  of  CHMI 
inverter.  And  the  output  Equation  as  follow  [25]: 


Van=Val+Va2 

© 

Vbn=Vb  1  +  Vb2 

© 

Vcn=Vcl+Vc2 

© 

Figure  2.  five  level  H-bridge  MLI 
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2.2.  Diode  Clamped 

The  diode  clamped  inverter  produce  multiple  outputs  voltages  utilizing  the  technique  of  connection 
of  the  phases  to  a  series  bank  of  capacitors.  The  first  diode  clamped  was  limited  to  three  voltage  level  but 
nowadays  the  level  can  be  extended  by  increasing  the  number  of  capacitor  connected  across  the  dc  bus 
resulting  in  additional  voltage  levels.  The  diode  is  used  as  the  clamping  device  to  clamp  the  dc  bus  voltage  so 
as  to  achieve  steps  in  the  output  voltage;  however  the  number  of  level  of  multilevel  inverter  must  be  odd 
number  because  in  the  case  of  even  number  level,  the  neutral  point  can’t  be  accessed  [26]. 


Figure  3.  Five  level  flying  capacitor  MLI 


2.3.  Flying  Capacitor 

Another  multilevel  inverter  topology  is  the  flying  capacitor  which  utilizes  a  series  connection  of 
capacitor.  The  main  concept  of  this  inverter  is  to  use  capacitors  as  clamping  switching  cells.  The  capacitors 
transfer  the  limited  amount  of  voltage  to  electrical  devices.  This  inverter  use  the  same  switching  states  as  the 
diode  clamping  inverter  but  it  doesn’t  require  any  clamping  diode  since  it  use  capacitor  instead  [27].  Figure  4 
shows  the  circuit  block  diagram  of  five -level  of  flying  capacitor  MLI. 


3.  SINOUSDAL  PULSE  WIDTH  MODULATION 

There  are  many  different  modulation  techniques  which  can  be  applied  to  multilevel  inverter;  the 
most  famous  and  simplest  modulation  technique  is  the  sinusoidal  pulse  width  modulation  (SPWM).  The  MLI 
can  be  controlled  by  using  the  SPWM,  where  sinusoidal  signal  is  compared  with  square  waves  to  generate 
the  switching  pulses.  These  pulses  will  trigger  the  semiconductors  switches  in  time  sequence  considering  the 
phase  between  the  phases  shift  of  three  phase  inverter  legs.  This  method  uses  N-l  level  carrier  signals  to 
generate  the  N-level  inverter  output  voltage.  In  multilevel  inverter,  the  frequency  modulation  index,  rrif  and 
the  amplitude  modulation  index,  mL  are  defined  as  [27]; 

mf  -  j-  ® 

Jm 

mt  =  ^-  ® 
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Where  fc  =  carrier  signal  frequency,  fm=  reference  signal  frequency, 
Ac=  carrier  signal  amplitude,  Arn  =  reference  signal  amplitude. 


In  order  to  generate  the  switching  pulses  of  5 -level  inverter,  the  sinusoidal  pulse  width  modulation 
four  carrier  signals  are  compared  with  one  reference  sine  wave.  Where  the  amplitude  of  the  carrier  signal 
divided  into  four  regions  to  fit  the  reference  sine  wave  amplitude.  Figure  5  shows  the  SPWM  carriers  signal 
compared  with  reference  sinusoidal  signal  for  5-level  inverter. 


r  =  1 

r  =  0 
r  =  1 

#•=-2 


Figure  5.  The  SPWM  carrier’s  signals  of  5-level  inverter 


4.  SIMULATION  RESULTS 

The  three  different  topologies  of  five-level  inverter  have  been  designed  by  using 
MATLAB/SIMULINK  environment,  where  the  same  SPWM  modulation  techniques  is  applied  to  each  of 
them  with  600 Vdc  and  100  ohm  resistive  load.  Figure  6  shows  the  three  different  topologies  of  MLI  designs 
in  MATLAB/SIMULINK. 
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(a) 


Figure  6.  MLI  topologies  (a)  CHMLI,  (b)  DCMLI  and  (c)  FCMLI 
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The  results  are  obtained  which  comprise  the  phase  and  line  voltages  as  well  as  output  current.  The 
THD  spectrum  is  generated  for  the  voltage  and  current.  Figure  7  presents  the  SPWM  signal  in  which 
reference  sign  wave  signal  is  compared  against  four  triangular  waves  in  order  to  generate  the  required  pulses 
to  control  the  inverter  switches  sequentially.  Figure  8  shows  the  phase  voltages  for  CHMFI,  DCMFI  and 
FCMFI  along  with  their  corresponding  THD  spectrum.  As  can  be  seen  from  the  presented  waveforms, 
CHMFI  has  better  results  compared  to  the  DCMFI  and  FCMFI  also  produced  less  THD.  All  the  topologies 
are  simulated  with  same  sampling  and  simulation  time  as  well  as  same  modulation  index  and  switching 
pulses. 


Figure  7.  Comparison  of  reference  signal  with  carrier  signal 


n  i  ji  « 

,  % 

— V-phase-CHMLI 

Li 

■  I 

' 

(a) 


(b) 


Time  (seconds) 

(c) 


(d) 


Fundamental  (50Hz) = 1.97 ,  THD=29.14% 

6- 

5- 

- 

3- 

2- 

0  2  4  6  8  10  12  14  16  18  20 

Harmonic  order 

(e) 


(f) 


Figure  8.  Phase  voltage  and  THD  ;(a)CHMLI,(b)DCMLI,(c)FLCMLI,(d)THD-CHMLI,(e)  THD-DCMLI.(f) 

THD-FCMFI 


Similarly,  the  phase  voltages  of  the  three  different  topologies  are  presented  in  Figure  9  along  with 
THD  spectrum  showing  that.  CHMFI  is  superior  in  terms  of  performance  and  THD  contents  .The  output  line 
voltage  and  THD  spectrum  of  the  three  topologies  are  presented  in  Figure  10  as  well. 
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Figure  9.  Line  voltage  and  THD,  (a)CHMLI,  (b)DCMLI,  (c)FLCMLI,  (d)THD-CHMLI,  (e)  THD-DCMLI, 

(f)  THD-FCMLI 
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Figure  10.  Output  currents  and  THD  ;(a)CHMLI,(b)DCMLI,(c)FLCMLI,(d)THD-CHMLI,(e)  THD- 

DCMLI,(f)  THD-FCMLI 
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Table  1  presents  the  comparison  between  the  different  topologies  in  terms  of  THD,  components  and 
DC  sources.  The  superiority  of  the  CHMLI  is  due  to  the  less  components  used  which  may  contribute  in 
producing  harmonics,  hence  affecting  the  inverter  output.  However,  CHMLI  requires  single  DC  source  for 
each  bridge  which  can  be  costly,  while  the  DCMLI  and  FCMLI  use  only  one  single  DC  source.  MLI  in 
general  and  CHMLI  in  specific  comprises  a  set  of  advantageous  features  such  as  producing  common  voltage 
mode  which  minimize  the  stress  on  the  motor  switching  frequency  in  which  can  operate  at  fundamental 
frequency  higher  or  lower  than  the  switching  frequency  and  low  switching  frequency  implies  less  switching 
losses  and  enhanced  performance.  In  addition,  the  output  of  MLI  is  stepped  waveform  which  almost 
sinusoidal  with  less  harmonics  contents. 


Table  1.  MLI  topologies  comparison 


Type 

No.  Level 

Components 

THD 

DC  sources 

Capacitors 

Diode 

Switches 

Vphase 

Vline 

Current 

CHMLI 

5 

0 

0 

12 

26.29% 

16.78% 

26.29% 

6 

DCMLI 

5 

4 

4 

12 

29.14% 

22.07% 

29.14% 

1 

FCMLI 

5 

12 

0 

12 

33.53% 

23.74% 

33.53% 

1 

The  comparison  results  have  shown  that,  CHMLI  is  superior  to  DCMLI  and  FCMLI  in  terms  of 
THD  and  number  of  components  used  .However,  CHMLI  utilizes  many  DC  sources  a  DC  source  for  each 
bridge  while  the  DCMLI  and  FCMLI  utilize  single  DC  sources.  Figure  1 1  shows  the  graphical  representation 
of  the  THD  for  the  different  topologies,  where  CHMLI  has  the  lowest  THD  value  with  (26.29%)  followed  by 
DCMLI  with  (29.14%)  .then  FCMLI  has  the  highest  THD  value  with  (33.53). 

The  main  source  of  the  harmonics  contents  is  from  the  components  of  the  system  or  device  .CHMLI 
generate  less  THD  contents  due  to  the  less  number  components  used  in  comparison  to  DCMLI  and  FCMLI 
which  utilize  active  and  passive  components  in  the  design.  These  components  contribute  to  rise  up  the 
distortion  to  the  output  signal  and  hence  increase  its  harmonics  contents. 


Figure  1 1 .  THD  comparison  between  MLI  topologies 


5.  CONCLUSION 

Multilevel  inverter  has  been  attracted  by  many  researchers  and  industries  due  to  the  capabilities  of 
handling  high  and  medium  power  application  as  well  as  renewable  energy  are  DC  in  nature  which  require  to 
be  converted  to  AC  utilizing  inverter.  There  are  many  different  configurations  of  MLI,  hence  this  paper 
introduced  three  different  topologies  which  are  Cascaded  H-bridge  Multilevel  Inverter  (CHMLI),  Diode 
Clamped  Multilevel  Inverter  (DCMLI)  and  Flying  Capacitor  Multilevel  Inverter  (FCMLI).  These  topologies 
have  been  modelled  in  MATLAB/SIMULINK  and  controlled  utilizing  Sinusoidal  Pulse  Width  Modulation 
(SPWM)  with  same  sampling  time  and  switching  frequency  .The  obtained  results  shows  that,  CHMLI  has 
less  THD  than  other  topologies  also  less  components  which  make  CHMLI  superior  and  recommended  to  be 
used  in  many  applications. 
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